On the Type IIB toroidal T 6 orientifolds with generic flux compactifications, we conjecture that in generic supsersymmetric Minkowski vacua, at least one of the flux contributions to the sevenbrane and D3-brane tadpoles is positive if the moduli are stabilized properly, and then the tadpole cancellation conditions can not be relaxed. To study the supsersymmetric Minkowski flux vacua, we simplify the fluxes reasonably and discuss the corresponding superpotential. We show that we can not have simultaneously the positive real parts of all the moduli and the negative/zero flux contributions to all the seven-brane and D3-brane tadpoles. Therefore, we can not construct realistic flux models with the relaxed tadpole cancellation conditions. When studying the supsersymmetric AdS vacua, we obtain flux models with the seven-brane and D3-brane tadpole cancellation conditions relaxed elegantly, and we present a semi-realistic Pati-Salam model as well as its particle spectrum. The lifting from the AdS vacua to the Minkowski/dS vacua remains a great challenge in flux model buildings on toroidal orientifolds.
I. INTRODUCTION
The great challenge in string phenomenology is to construct realistic string models without additional chiral exotic particles at low energy and with the moduli fields stabilized.
In particular, the intersecting D-brane models on Type II orientifolds [1] , where the chiral fermions arise from the intersections of D-branes in the internal space [2] and the T-dual description in terms of magnetized D-branes [3] , have been very interesting during the last decade [4] . Further employing the renormalization group equations in these models, we may test them at the Large Hadron Collider (LHC).
Initially many non-supersymmetric three-family Standard-like models and Grand Unified Theories (GUTs) were constructed on Type IIA orientifolds with intersecting D6-branes [4] [5] [6] [7] . However, these models generically suffer uncancelled Neveu-Schwarz-Neveu-Schwarz (NSNS) tadpoles and the gauge hierarchy problem. Later, semi-realistic supersymmetric Standard-like and GUT models were constructed in Type IIA theory on the T 6 /(Z 2 × Z 2 )
orientifold [8] [9] [10] [11] [12] [13] [14] [15] [16] and also other backgrounds [17] . In particular, we emphasize that PatiSalam like models, the only models that can realize all the Yukawa couplings at the stringy tree level, have been constructed systematically in Type IIA theory on the T 6 /(Z 2 × Z 2 )
orientifold [12, 16] . The Standard Model (SM) fermion masses and mixings can be generated and the gauge coupling unification can be realized in one of these models [18, 19] , however, we are not able to stabilize the modulus fields in this model.
Although some of the complex structure moduli (in Type IIA picture) and the dilaton field might be stabilized due to the gaugino condensation in the hidden sector in some models (for example, see Ref. [20] ), the stabilization of all moduli is still a big challenge. Important progresses have been made by introducing background fluxes. In Type IIB theory, the RR fluxes and NSNS fluxes generate a superpotential [21] that depends on the dilaton and complex structure moduli, and then stabilize these moduli dynamically [22, 23] . With nonperturbative effects, one can further determine the Kähler moduli [24] . For model building in such setup, the RR and NSNS fluxes contribute to large positive D3-brane charges due to the Dirac quantization [25, 26] . Thus, they modify the global RR tadpole cancellation conditions significantly and impose strong constraints on the consistent model building [27] [28] [29] [30] [31] . Including metric fluxes to RR and NSNS fluxes in Type IIA theory [32] [33] [34] , we can stabilize the moduli in supersymmetric AdS vacua and relax the RR tadpole cancellation conditions [34, 35] . Interestingly, by relaxing the RR tadpole cancellation conditions, we can construct semi-realistic Type IIA [35, 36] Pati-Salam flux models capable of explaining the SM fermion masses and mixings. However, these models are in the AdS vacua and contain chiral exotic particles that are difficult to be decoupled.
Including the non-geometric and S-dual fluxes [37] [38] [39] on the Type IIB toroidal orien-tifolds, the closed string moduli can be stabilized while the RR tadpole cancellation conditions can be relaxed elegantly in the supersymmetric Minkowski vacua [40] , and the corresponding realistic IIB Pati-Salam flux models were constructed [40] . However, the models in Ref. [40] contain the Freed-Witten anomaly [41] due to its strong constraints on model building. Interestingly, the Freed-Witten anomaly can be cancelled by introducing additional D-branes [42] . In particular, these additional D-branes do not change the major properties of the D-brane models such as the four-dimensional N = 1 supersymmetry and the chiral particle spectra [42] . Then we demonstrated a realistic Pati-Salam flux model in a supersymmetric Minkowski vacuum with the RR tadpole cancellation conditions relaxed and the Freed-Witten anomaly free conditions satisfied elegantly [43] . Unfortunately, a mistaken flux algebra in Ref. [38] made all of the interesting flux models [43] However, we did not find any interesting flux vacuum. Therefore we conjecture that in the generic supsersymmetric Minkowski vacua with flux compatifications, at least one of the flux contributions to the seven-brane and D3-brane tadpoles will be positive and then their tadpole cancellation conditions can not be relaxed if the moduli are stabilized properly. In other words, we need to construct realistic flux models in AdS vacua and then lift them to Minkowski vacua similar to the KKLT mechanism [24] . A parallel discussion of no-go theorems for dS vacua on supergravity algebras with generic fluxes can be found in [45] .
In this paper, we first review the flux algebra and flux constraint equations as well as the intersecting D-brane model building setup on the Type IIB toroidal T 6 orientifolds with the RR, NSNS, metric, non-geometric and S-dual flux compactifications [37] [38] [39] 44] .
We simplify the fluxes reasonably, discuss the corresponding superpotential, consider the necessary conditions for supsersymmetric Minkowski vacua and present all the concrete flux constaint equations. Because T 6 is factorized as 
II. FLUX ALGEBRA AND FLUX CONSTRAINT EQUATIONS
Let us consider Type IIB orientifold compactifications on
where Ω is the worldsheet parity, (−1) F L is the left-mover spacetime fermionic number, and σ is the involution. From the metric of the internal torus, we can introduce the complex structure moduli U k and Kähler moduli T k , k = 1, 2, 3. In addition, the axion-dilaton modulus S is given by S = e −φ + iC 0 with C 0 the RR 0-form. The Kähler potential is
We can then introduce the non-trivial RR and NSNS 3-form fluxes, F 3 and H 3 . These fluxes deform the moduli space and give a superpotential in the four-dimensional space as
The fluxes induce a D3-brane charge through the Chern-Simons coupling as [44] 
The 3-form fluxes are not enough to match the superpotentials of Type IIA and Type IIB compactifications under the T-duality, therefore we need to introduce additional fluxes.
Consider the IIB NSNS 3-form flux H 3 acted under the T-duality [37, 38] :
where ω, Q, and R are introduced as geometric and non-geometric fluxes. Furthermore, to recover the SL(2, Z) S-duality in Type IIB theory we introduce one more non-geometric flux P [38, 44] .
Starting from a general magnetized D9-brane in Type I compactification on T 6 with "wrapping numbers" (n 1 , m 1 ) × (n 2 , m 2 ) × (n 3 , m 3 ), under T-daulity this is corresponding to the D7 k -branes in Type IIB. For simplicity, we also assume an underline Z 2 × Z 2 symmetry. Considering the case of extended (p, q) 7-branes, the flux consistent conditions can be summarized as what follows [44] :
• Antisymmetry of Commutators
• Jocobi Identities
-Seven-Brane Tadpoles
where
where c k I and d I k are coefficients of wrapping numbers of the I-th stack of seven-branes, and will be discussed in details below.
The individual items of the fluxes are marked into conventional notations [38, 44] . In brief, in the Type IIB picture the fluxes contain elements as 
From Eq. (6) −QH + PF +HQ −F P = 0, we obtain
From Eq. (7) for k = a, i = 1, 2, 3, we obtain
From Eq. (9) P P = 0, we obtain
From Eq. (10) QP = 0, we obtain
From Eq. (10) P Q = 0, we obtain
From Eq. (13), we obtain
From Eq. (14), we obtain
-D3-Brane RR Tapole Constraint Equation
From Eq. (3), we obtain
From Eq. (16), for i = j = k, a = 1, 2, 3, we obtain
III. INTERSECTING D-BRANE MODEL BUILDING ON TYPE IIB ORIEN-TIFOLD
We now consider the Type IIB string theory compactified on a T 6 orientifold where T 6 is a six-torus factorized as
for the i-th two-torus, respectively [25, 26, 29] . The orientifold projection is implemented by gauging the symmetry ΩR, where Ω is world-sheet parity, and R is given by 
where m i a can be half integer for tilted two-torus. Then, the D9-, D7-, D5-and D3-branes contain 0, 1, 2 and 3 vanishing m 
respectively. The "intersection numbers" in Type IIA language, which determine the chiral massless spectrum, are
Moreover, for a stack of N D(2n+3)-branes whose homology classes on T 6 is (not) invariant under ΩR, we obtain a (U(N)) USp(2N) gauge symmetry with three (adjoint)
anti-symmetric chiral superfields due to the orbifold projection. The physical spectrum is presented in Table I .
The flux models on Type IIB orientifolds with four-dimensional N = 1 supersymmetry are primarily constrained by the RR tadpole cancellation conditions that will be given 
where θ(n 
And the holomorphic gauge kinetic function for a generic stack of D(2n+3)-branes is given by [46, 47] f a = 1 κ a n 1 a n 2 a n
where κ a is equal to 1 and 2 for U(n) and USp(2n), respectively.
In general, this kind of D-brane models possesses Freed-Witten anomalies [25, 41] . In the world-volume of a generic stack of D-branes we have a U(1) gauge field whose scalar partner parameterizes the D-brane position in the compact space. Such kind of U(1)'s usually obtain Stückelberg masses by swallowing RR scalar fields and then decouple from the low-energy spectrum. At the same time these scalars participate in the cancellations of U(1) gauge anomalies through a generalized Green-Schwarz mechanism [48] .
IV. SIMPLIFYING THE FLUX CONSTRAINT EQUATIONS AND CONDI-TIONS FOR SUPERSYMMETRIC MINKOWSKI VACUA
The system with general fluxes is very complicated, therefore, we intend to simply the system by some isotropy conditions. First we assume the three complex structure moduli the same. For simplicity, we redefine the dilaton S, the three Kähler moduli T i , and the three complex structure moduli U i as
Because the real parts of S, T i , and U i must be positive real numbers, the imaginary parts of σ, τ i and ρ must be positive as well. The fluxes can be simplified as
The corresponding superpotential including the fluxes is
The Kähler moduli are not simplified yet because we want to keep some degrees of freedoms for model building. For convenience we assume τ F = τ i F i , τ i = k i τ and
where k i are real and positive constants depending on the models, and F ∈ {b,b, β,β, f,f , g,ḡ, γ,γ, h,h}. Thus, the real part of τ must be also a positive real number, and the superpotential W turns out
If we pursue AdS vacua, then it is required that
If E 4 = 0, it implies
On the other hand, if we look for Minkowski vacua, the additional condition is W = 0, so we can define a new polynomial E as
The function must have a double root ρ 0 , and its complex conjugate. Therefore, the function E = 0 can be written as
The simplified flux constraint equations are:
Antisymmetry of Commutators
From Eq. (5) QP − P Q = 0, we obtain (17), (22), (24) →bf =ḡh ,
(26), (27) , (32) → bf = gh ,
From Eq. (6) −QH + PF +HQ −F P = 0, we obtain (33) → ab + aβ + e 0ḡ + eg + eγ +bh 0 −āh + f q = 0 ,
(34) →āβ + aβ + e 0f + eγ + h 0h +h 0 h + mf − γq = 0 ,
(36) →āb +āβ − ef + bh 0 − ah + mg −ḡq −γq = 0 .
From Eq. (7), i = k, we obtain
2. Jocobi Identities
(52) →βg −hf − bγ +bg = 0, ⊕ (91) → fh = bḡ .
From Eq. (10) P Q = 0, we obtain It is hard to satisfy the third anti-symmetric conditions in Eqs. (102)- (105) for a model consisting of more than two stacks of D-branes. Therefore, a reasonable choice is setting P = 0, which implies E 4 = 0. Then the superpotential turns out to be
To obtain Minkowski vacua, we can conclude the conditions as
The dilaton modulus σ is determined by E 2 while the Kähler modulus τ is controlled by E 3 . For simplicity, we will temporarily ignore E 2 by setting the corresponding fluxes H : {a,ā, h 0 ,h 0 } zero because they are related to fewer constraints and can be included independently later. Then we obtain the following constraints of the fluxes in E 3 from the Bianchi identities
Rewritting these flux conditions by introducing two parameters ξ and χ, we obtain
Therefore, E 3 can be factorized as
The complex roots of E 3 are
and
E 1 has the same complex roots, so we assume
Comparing the coefficients, we obtain
Then, we have
First we consider the case with only D-branes where p 
In this paper, we denote and emphasize that N f luxD7 is the number of D7-branes that we need to introduce for D7-brane tadpole cancellations due to the flux contributions. In other words, −N f luxD7 is the flux contribution to the D7-brane tadpoles.
We have learned b 2 χ 2 < 4bh for ρ 0 being complex, so 4 − The D7-brane tadpole contribution from the fluxes has to be zero, therefore
For ρ 0 to be a complex number, we must require 4 − bχ 2 h > 0. So we have mh − e 0h = 0, which implies that τ 0 has only real part. Thus, the moduli τ i can not be stabilized properly.
Finally we consider the general case with p · q = 0. Similarly to the (p, q) = (1, 0) case, N f luxD7 has always negative sign to Im(τ 0 ). And since P = 0, the flux contribution to the NS7-brane tadpole is zero. Thus, we do not have supersymmetric Minkowski flux vacua with the D7-brane tadpole cancellation condition relaxed and the moduli stabilized properly.
B. General Discussions for P = 0
The constraint condition of the flux P = 0 is too stringent, thus, we consider the cases with P = 0. With the fluxes in E 4 non-zero, the Bianchi identities in Eqs. (109)- (111) give
Similarly, we can rewrite these flux conditions by introducing parameters ξ ′ and χ ′ as
In addition, there are also the Bianchi conditions between fluxes P and Q: fh = bḡ,f h =bg.
After factorization and using Eq. (90), we can rewrite E 4 as follows
From the previous subsection we learned that E 3 can be rewritten as E 3 = 3(ρ − ξ)(hρ 2 − bχρ + b), and χ 2 − 4h b < 0 for ρ being complex. Pluging Eqs. (123) and (135) into the antisymmetry conditions, we find that it must be χ ′ = χ. In other words, E 3 and E 4 have the same factor. Recall the Minkowski condition in Eq. (86), we obtain
Since the coefficients of E 2 are real and τ 0 is limited with ρ 0 , E 2 must also contain the factor (hρ 2 − bχρ + b). In addition, E must have double roots for E ′ = 0, therefore E 1 has the same factor (hρ 2 − bχρ + b) as well. In summary, E 1 and E 2 can be rewritten as
with the flux relations
The imaginary parts of moduli σ and τ must have the same sign as the imaginary part of ρ. From the above equations we obtain
The antisymmetry constraints from Eqs. (98), (99), and (101) can be written as
Since we require χ 2 − 4h b < 0 for ρ to be complex, it turns out that hh 0 + e 0 f = 0,h 0h + mf = 0, hh 0 + e 0f + h 0h + mf = 0.
From Eqs. (60)-(63), the D7, NS7, I7, and D3 flux contributions to the corresponding tadpoles are
The third antisymmetry condition in Eq. (7) has not been confined, and we will consider it in two cases, (p, q) = (0, 0) and p · q = 0.
Here, we emphasize again that N f luxD7 , N f luxNS7 , N f luxI7 , and N D3 are respectively the numbers of D7-branes, NS7-branes, I7-branes, D3-branes that we need to introduce for their tadpole cancellations due to the flux contributions. In other words, −N f luxD7 , −N f luxNS7 , −N f luxI7 , and −N D3 are the flux contributions to the D7-brane tadpoles, NS7-brane tadpoles, I7-brane tadpoles, and D3-brane plus O3-plane tadpoles, respectively. 
From the tadpole condition of the NS7-branes it results in zero imaginary part of τ . Thus, the moduli τ i can not be stabilized properly.
Recall the third antisymmetry condition in Eq. (7) for k = a, i = 1, 2, 3, we have
From Eqs. (123) and (135) it is required that ξ = ξ ′ if b, g,h,f , ξ, ξ ′ are non-zero. It turns out that the imaginary part of σ is zero. Thus, the real part of dilaton S can not be stabilized properly. If we can tolerate Im(σ) = 0, we can continue this analysis to see if there is a solution for the remaining conditions. Let p I i = p, q I i = q for simplicity, the third antisymmetry condition in Eq. (7) implies
We have known bh > 0 for ρ 0 complex, and this implies gf > 0. Therefore for τ condition in Eq. (142), it is required thatf h 0 − fh 0 < 0. However, this makes the flux NS7-brane tadpole contribution Eq. (146) always negative, i.e., the flux contribution to the NS7-brane tadpole is positive. Thus, we can not obtain supersymmetric Minkowski flux vacua where the NS7-brane tadpole cancellation condition is relaxed and the moduli are stabilized properly.
For the (p, q) = (1, 0) case, the discussions are similar. Considering the case (b,h) = (0, 0), we obtain the following conditions from the antisymmetry conditions and Jocobi identities:
bf =ḡh,bg =f h, ff = gḡ.
We can rewrite E 3 and E 4 as
ρ can have a pure imaginary root if fḡ > 0. The moduli σ and τ are
For a finite τ , E 2 also has the factor (f +ḡρ 2 ), so we obtain two additional constraints
The conditions for Im(σ) and Im(τ ) are
On the other hand, E has double roots and can be rewritten in terms of E 3 and E 4 as
where the coefficients A, B, and C are
Combining with the antisymmetry constraints in Eqs. (98), (99), and (101), we obtain the following relations:
e 0ḡ +bh 0 −āh + f q = 0,h 0 h + e 0f − ab + gq = 0, ef = mg, eḡ = mf, eg = f q −āh, e 0f = 2ab + 2eḡ.
The seven-brane tadpole contributions of the fluxes are
It is generic that N f luxD7 = 0 and N f luxI7 = 0 from the conditions above. We consider two possible cases for the NS7-brane tadpole in the following discussion:
The condition q I = 0 implies N f luxNS7 = 0, which turns out 3aḡ + h 0f = 0. Then there is no imaginary part for τ . Thus, the moduli τ i can not be stabilized properly.
• p · q = 0
A nonzero q I = 0 implies N f luxNS7 > 0, however it violates the condition of Im(τ ) for it
to have the same sign as Im(ρ). Thus again, we do not have supersymmetric Minkowski flux vacua where the NS7-brane tadpole cancellation condition can be relaxed and the moduli can be stabilized properly.
VI. SUPERSYMMETRIC AdS VACUA AND A SEMI-REALISTIC PATI-SALAM

MODEL
To relax the constraints we shall consider an AdS vacuum. For simplicity, we choose q I i = 0 so that P = 0 for the third antisymmetry condition relaxed. In addition, we assume E 2 = 0 by ignoring the dilaton modulus at the current stage because there are enough degrees of freedom to compute it at any time. By the AdS conditions, we obtain
Again with the same setup, we have
and E 3 is factorized as E 3 = 3(ρ − ξ)(hρ 2 − bχρ + b). The complex roots of ρ have the following properties
The modulus τ 0 and the condition for its imaginary part to have the same sign as ρ 0 are
The D7-brane tadpole contribution of the fluxes is
Therefore, for the case of N f luxD7 > 0, Im(τ 0 ) can still be positive, which implies the existence of AdS solutions. The flux contributions to the D3-brane, NS7-brane, and I7-brane tadpoles are 
The D7-brane tadpole from flux contribution is
We assume E 2 = 0 by setting a =ā = h 0 =h 0 = 0, so then N D3 = 16. We shall present an example by choosing N D7 = 8 and (e 0 + m + 3e) = 0. Recall that we assumed τ b ≡
, with the Freed-Witten anomaly condition imposed, we obtain the choices of the fluxes which are given in Table II . We present the D-brane configurations and intersection numbers of our Pati-Salam model in Table III . The corresponding particle spectrum is given in Table IV . 
